Stereoselective total synthesis of 1,4-dideoxy-1,4-imino-L-ribitol has been accomplished from D-glucose. The key step involved in this synthesis is the regioselective ring-opening of the epoxide with a tethered amido group to give the N-tosyl-3,6-dideoxy-3,6-imino-1,2-O-isopropylidene-α-D- In particular, 1,4-dideoxy-1,4-imino-L-ribitol possesses potent immuno-stimulating activity [7] . Consequently, numerous approaches have been reported for the synthesis of 1,4-dideoxy-1,4-imino-L-ribitol [8]. We herein report our recent results on the synthesis of 1,4-dideoxy-1,4-imino-L-ribitol 1 through the regioselective ring-opening of the epoxide 3a with a tethered amido group. As shown in retrosynthesis (Scheme 1), the target molecule 1 could be synthesized from 2 by oxidative cleavage of the sugar moiety, which could in turn be prepared from epoxy amide 3a.
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Scheme 1: Retrosynthetic analysis of a target molecule 1.
The key intermediate epoxy amide 3a was proposed to be obtained from a homoallylic amine (4) which in turn could be accessed from D-glucose. Accordingly, D-glucose was transformed into a known homoallylic alcohol 5 in three steps using the literature procedure [9] . The hydroxy olefin 5 was then converted into the corresponding triflate using triflic anhydride and pyridine in CH 2 Cl 2 at -10 o C. Treatment of the triflate with sodium azide in DMF at 80 o C afforded the azide 6 in 60% yield [10] . In nucleophilic substitution, the triflate gave the azide in high yield than sulfonates under mild conditions [11] . Reduction of the azide 6 with LAH in diethyl ether gave the free amine 4 which was simultaneously protected as Ntosyl derivative 7 using tosyl chloride in the presence of pyridine. Thus formed homoallylic N-tosyl amide 7 was used for the synthesis of a target iminosugar 1 through the stereoselective epoxidation of a terminal olefin followed by an intramolecular ring closure of the epoxide (Scheme 2). Stereoselective epoxidation of homoallylic amide 7 with m-CPBA [12] in CH 2 Cl 2 gave the N-tosyl-3,6-dideoxy-3,6-imino-1,2-Oisopropylidene-α-D-glucofuranose 2 in 60% yield [12] . In this reaction, in situ formed epoxide underwent a smooth cyclization with a tethered amido group to afford the product 2 which was fully characterized by 1 H and 13 C NMR. On the other hand, treatment of 7 with m-CPBA in the presence of NaHCO 3 gave the epoxide 3a in 50% yield as a major isomer along with epoxide 3b (10% yield). Both epoxides were easily separated and characterized by NMR. An intramolecular ring closure of the epoxide 3a with p-TSA in CH 2 Cl 2 at 0 o C for 6h gave the compound 2 in 62% yield as a single product. The formation of 2 was further confirmed by converting the hydroxyl group into the acetate (8) (Scheme 3). 1012 Natural Product Communications Vol. 13 (8) 2018 Chaya N et al.
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Thus treatment of compound 2 with acetic anhydride in the presence of triethyl amine at 25 ˚C gave the acetate 8 as syrup in 70% yield. The acetate 8 was characterized thoroughly with the help of 2D nuclear Overhauser effect spectroscopy (NOESY, Figure  2 ) and double quantum filter correlation spectroscopy (DQFCOSY). The proton on carbon bearing the hydroxyl functionality was shifted from  3.90 to 5.09 in 1 H NMR spectrum of the acetate and showed intensity for a single proton which corresponds to the acetate 8. The coupling constants J H4-H5 = 3.7 Hz indicates that H4 and H5 are in cis orientation. The exclusive nOe cross-peaks between H 4 /H 5 suggest that these two protons are diaxially disposed with respect to each other. Hence C 5 has R-configuration.
Deprotection of acetonide from compound 2 with TFA:H 2 O (3:2) followed by an oxidative cleavage of the resulting diol using sodium metaperiodate in acetone:water gave the α-aminal 9 as syrup. Reduction of the compound 9 with sodium borohydride in methanol:water at -10°C afforded the N-tosyl-1,4-dideoxy-1,4-imino-L-ribitol 10 as white solid, m.p. 139°C. Deprotection of Ts group from 10 with NaNH 2 , liq. NH 3 gave the desired 1,4-dideoxy-1,4-imino-L-ribitol (1) as white solid (Scheme 4) [13] .
Scheme 4: Synthesis of 1,4-dideoxy-1,4-imino-L-ribitol 1
In conclusion, we have developed a novel synthetic route for the preparation of 1,4-dideoxy-1,4-imino-L-ribitol in total eight steps from D-glucose. This method is a highly stereoselective and involves simple and straightforward reactions utilizing a readily accessible D-glucose as a source of chirality.
